Invasive and noninvasive procedures remain a common and necessary component in the management of children with acute and chronic diseases. Although procedural sedation is generally safe and effective, patients with underlying co-morbid conditions are at increased risk for complications during and after procedures [1] .
Intramuscular route provides rapid systemic action, with near 80% of biodisponibility and plasma concentration peak in about 15 minutes, and is indicated for uncooperative patients or for those who cannot take oral medications. Then, the intramuscular route of both Ketamin and Dexmedetomidine can be an interesting option for procedural Sedation in children, usually non-cooperatives, who do not calmly accept the mask for inhaled anesthesia, are agitated or have difficult venous accesses.
We present the use of an intramuscular Ketamine-Dexmedetomidine combination for procedural sedation in a thirteen-year-old child with acute ventriculitis that had to be submitted to a transhepatic central venous access for parenteral antibiotic therapy.
Case Report
A 13 year old child with post-natal neuropathy, weighing 36 kg and in 8 hours fast was admitted to the Emergency Unit with fever (39oC) and headache and diagnosed with ventriculitis after cranial tomography and lumbar puncture. Urgent antibiotic therapy was mandatory. He presented a history of multiple failures of peripheral and deep venous access (thrombosis of jugular, subclavian and femoral veins) and arrived anxious in the radio intervention room, without tracheostomy, gastrostomy or a venous access. In need of anesthesia, to perform suprahepatic central venous access, guided by ultrasound and radioscopy, it was decided to administer intramuscularly a mixture of Dextroketamine and Dexmedetomidine. Prior local anesthesia was done, with 3 ml of 1% lidocaine, using a 30G 13x4.5 mm needle, in vastus medialis muscle, and a dilution in a 5 ml syringe containing 20 mg/ml Dextroketamine associated with 10 mcg/ml Dexmedetomidine was prepared. We choose to use a dose of 1 mcg/kg Dexmedetomidine associated with 2 mg/kg Dextroketamine (3.6 ml solution) with a 22G needle. In less than 5 minutes, the child was sedated, acquiring state 2 on the Pediatric Sedation State Scale (PSSS) [5] (Figure 1 ).
The child did not respond to the infiltration of lidocaine by the radiologist, and remained immobile throughout the process, which lasted 35 minutes. Eupneic, hemodynamically stable, heart rate between 80 and 90 beats per minute, non-invasive arterial pressure ranged from 100x60 to 110x70 mmHg, peripheral oxygen saturation of 98%. Supplemental oxygen was not necessary (Figures 1 and 2 ). The child was referred to the post-anesthetic room and after 20 minutes of spontaneous breathing, was discharged to the room.
Discussion
Dexmedetomidine is an alpha-2-adrenergic agonist, which received initial approval from the Food & Drug Administration (FDA) in the United States in 1999, for the sedation of adults during mechanical ventilation and subsequently in 2009 for Monitored Anesthesia Care (MAC) of adults. Despite lacking a specific FDA-approved indication in infants and children, it has been used successfully in several different clinical scenarios including sedation during mechanical ventilation, procedural sedation, postoperative analgesia, prevention of emergence delirium, post anesthesia shivering control, and the treatment of withdrawal from various substances including opioids and benzodiazepines [5] .
In our patient anesthetic management, concerns included the need to provide effective sedation to perform a potencial painful procedure without ventilatory or hemodynamic compromise.
The use of ketamine provides several benefits as the provision of analgesia, which is not present with dexmedetomidine, an increase in Heart Rate (HR) and Blood Pressure (BP) to offset the bradycardia of dexmedetomidine, and a more rapid onset when compared to dexmedetomidine alone. Dexmedetomidine prevents several of the potentially deleterious effects of ketamine including emergence agitation, excessive salivation, and stimulation of the cardiovascular system (increased HR and BP) [6] . Clinical experience with the combination of dexmedetomidine and ketamine continues to increase with the demonstration of its efficacy in prospective trials, case series, and isolated case reports [7] [8] [9] [10] [11] .
However, despite its efficacy as the sole agent for sedation during non-painful radiologic imaging, dexmedetomidine may fail when used as the sole agent for painful procedures [12] [13] [14] .
In our patient, effective sedation was provided by a single intramuscular dose of ketamine and dexmedetomidine.
Mester et al retrospectively reviewed this combination for sedation during cardiac catheterization in children with heart disease [7] . An intravenous bolus dose of ketamine (2mg/kg) and dexmedetomidine (1mg/kg) was administered over 3 minutes followed by a continuous infusion of dexmedetomidine. No patient reacted to the infiltration of the groin and placement of the arterial and venous cannula. Two patients developed upper airway obstruction resolved with the airway repositioning. No central apnea was noted and the maximum value of PaCo 2 was 48 mmHg.
McVey and Tobias described the successful use of dexmedetomidine and ketamine for procedural sedation during lumbar puncture for spinal anesthesia in 12 pediatric patients [8] . The dosing regimen for the ketamine and dexmedetomidine was similar to that reported by Mester et al. Other studies have also shown that the association of ketamine and dexmedetomidine even at low doses, allows safe and effective sedation for children in various surgical procedures [15, 16] .
Joseph Tobias has consistently demonstrated the utility of dexmedetomidine in conjunction with ketamine for procedures in which a deep level of sedation is required while maintaining spontaneous breathing [16] . Several reports have included patients with significant co-morbid conditions, including pulmonary hypertension, sleep apnea, tracheal compression from a mediastinal mass, congenital heart disease, as well as compromised cardiac and respiratory function. These reports demonstrate that a dexmedetomidine-ketamine combination effectively achieves the desired level of sedation while minimizing the potential for adverse effects. Tobias also concluded that the most effective regimen for procedural sedation seems to be the use of an intravenous bolus dose of both agents, dexmedetomidine (1 μg/ kg) and ketamine (1-2 mg/kg), to initiate sedation and, used in such a scenario, the two agents can be co-administered from a single syringe [16] .
Citation:
Due to Ketamine's unique properties and versatility, it has gained increasing popularity in pre hospital and emergency medicine, throughout the world. When intravenous access is difficult, the use of intramuscular, oral or intranasal ketamine has been described with good effect [17] . Dexmedetomidine can also be used intravenous and intramuscular; the suggested dose for premedication is 0, 33-0, 67 mcg/kg IV or 2, 5 mcg/kg IM, an injection given 15minutes before procedure [18] . Thus, the use of the intramuscular mixture of both drugs would be something natural to happen.
To the best of our knowledge, we have not found publications regarding the use of dexmedetomidine and Dextroketamine by the intramuscular route in humans. There is a publication of a study that associates both drugs intramuscularly in swine, showing the safety of the combination and the efficient sedation [19] . It this case report it was observed that both the association of the drugs in the same syringe and the application intramuscularly in bolus, at the recommended doses, showed to be extremely painless, effective and conferred safety for the accomplishment of a procedure free from agitation, guaranteeing hypnosis, analgesia, preventing hypoventilation or any change in respiratory pattern, being an excellent alternative for sedation in children with co-morbidities. Ketodex is a very versatile mixture in anesthesia practice, finding a place in an increasing number of clinical procedures. We demonstrated that the use of the mixture, intramuscularly in a single syringe is a viable alternative in sedation for surgical procedures in children.
Conclusion
A single dose of intramuscular Dextroketamine and dexmedetomidine provided effective sedation for transhepatic central venous access in a thirteen-year-old with acute ventriculitis. This combination of agents was chosen, given the absence of venous access and the need to maintain spontaneous ventilation without Sevoflurane agitation and environmental pollution.
Regardless of the agents used for procedural sedation, there is a potential for not only hemodynamic, but also respiratory depression. Given these concerns, appropriate monitoring and access to resuscitation medications plus airway equipment are mandatory during procedural sedation. With these caveats in mind, we believe that the use of combined Dextroketamine and Dexmedetomidine (Ketodex) Intramuscular should be considered as an interesting choice for procedural sedation in children, even with co-morbidities, as it has been proved in the described case in other clinical scenarios.
Future clinical trials comparing different sedation regimens with other sedatives and routes of administration may provide valid information about safety, time of awakening, and cost effectiveness.
